US007554897B2

a2 United States Patent 10) Patent No.: US 7,554,897 B2
Kanaoka 45) Date of Patent: Jun. 30, 2009
(54) DATA REPRODUCER 6,970,406 B2* 11/2005 Kuribayashi et al. ..... 369/47.19
6,982,937 B2* 1/2006 Kanaokaetal. .......... 369/47.17
(75) Inventor: Toshikazu Kanaoka, Kawasaki (JP)
(73) Assignee: Fujitsu Limited, Kawasaki (JP)
(*) Notice: Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by 629 days.
EP 1244105 9/2002
(21) Appl. No.: 11/280,558
(22) Filed: Now. 16, 2005
(Continued)
(65) Prior Publication Data
OTHER PUBLICATIONS
US 2006/0077830 A1l Apr. 13, 2006
Zi-Ning Wu et al., “A MMSE Interpolated Timing Recovery Scheme
Related U.S. Application Data for The Magnetic Recording Channel”, 1997 IEEE International
(63) Continuation of application No. PCT/IP03/11068 Conference on Communications, Montreal, Jun. 8, 1997, pp. 1625-
’ 1629.
filed on Aug. 29, 2003.
(51) Int.Cl Primary Examiner—Thang V Tran
GI1B 7/00 (2006.01) (74) Attorney, Agent, or Firm—Greer, Burns & Crain, Ltd.
(52) US.CL . 369/124.02, 369/12415, (57) ABSTRACT
369/47.53;369/44.32
(58) Field of Classification Search ............ 369/124.02,
369/124.12, 124.15, 47.5, ;‘7'53’ 44.26, 44.32, It is an object of the present invention to provide a data
S lication file f 1369 44'2§’h44'35’ 39.17 reproducer in which the quality of a reproduction signal is
ee application file for complete search history. improved. A data reproducer of the present invention includes
(56) References Cited a phase-difference detecting section which obtains the cross

U.S. PATENT DOCUMENTS

correlation value between the head pattern in a track to be
reproduced and a reproduction signal, synchronous detectors
which respectively obtain the cross correlation value between

5,319,625 A * 6/1994 369/53.44 !
5321519 A *  6/1994 . 369/53.33 the head pattern of a tra.ck adjacent to the track to be repro-
5361,136 A * 11/1994 Okuda ...ooveveveeeeenene. 386/115 duced and the reproduction signal, and crosstalk value detec-
5,402,403 A * 3/1995 .. 369/44.32 tor which obtains the direction and ratio of crosstalk in accor-
5,568,456 A * 10/1996 Hayashietal. ........ 369/124.01 dance with these cross correlation values. The data
5,790,492 A : 8/1998 Umezawa et al. ........ 369/53.33 reproducer has a correcting function which corrects the offset
?ggz’;gi i Z; }ggg gﬁ}edadet atl. L 369/53.33 and gain of a reproduction signal in accordance with a phase

1075, tmada et al. difference and cross correlation value obtained by the phase-
5909413 A *  6/1999 Araki ......cooccevvnnnnnnn. 369/44.32 difference detecting sectiorn Y P
6,134,211 A 10/2000 Miyanabe et al. g :
6,163,518 A * 12/2000 Miyanabe et al. ...... 369/124.02
6,172,950 Bl 1/2001 Tanaka 26 Claims, 36 Drawing Sheets

/1 00
152 150
101 Write data ¢ 4 ‘P 4
— 105 106 Bu]ffer Sampling data Phl]“_ |—108
Phasa- | Phase éiffarenc'r dif‘f'arafu:e
102~{Pickus | TAGC L ATPFTEE T AT ] Setnoiny [t information ) 265006 | )
MO s
104 Slgln_yaling clock 1]53 166 168 107 108
Header pattern n-1 track g N alk rati
! rosstalk ratio
151 Header pattern l detector GCrosstalk < ECC
generator | Y value detector | Crosstalk direction encoding/ .
n+1 track demodulation
T“Rt Aa/?i:::vn;:nt{off track/ e synehronous Cross correlation maximum value s RLL .
. A\ modulation/
Focus offset adjustment ! header detecting gate 167 R o o dolat

112 ;

Track information

External clock

TPP FCM detection and PLL}
multiplication unit

Ree Address dstector 113

114




US 7,554,897 B2

Page 2
U.S. PATENT DOCUMENTS JP 8-045080 2/1996
2003/0011920 Al 1/2003 Tsuchinaga P 8-055341 2/1996
2003/0012123 Al 1/2003 Miyamoto et al. Jp 8-077627 3/1996
2003/0031103 Al* 2/2003 Kuribayashi et al. ..... 369/47.17 1P 11-066659 3/1999
2003/0117914 Al 6/2003 Kanaoka et al. P 2003-196840 7/2003

JP

FOREIGN PATENT DOCUMENTS

6-243596

9/1994

* cited by examiner



U.S. Patent

Jun. 30, 2009 Sheet 1 of 36 US 7,554,897 B2
( 2
Address n-1 |Header ﬂminuaﬁon l:nﬁnuaﬁm Data n-1 ~1_1
1T 4T '
Address n Header continuation& )continuation Data n N1—2
Address n+1 [Header :Inﬁnuaﬁon l:nﬁnuaﬁm Data n+1 ~1_3

.

J

3:Crosstalk detecting area

Y



U.S. Patent Jun. 30, 2009 Sheet 2 of 36 US 7,554,897 B2

FIG. 2

2
17T 4T 1T 11
Address n—2 |Header continuation conlinuation continuation Data n—2 -
_ 4T 1T 1T _
Address n-1 |Header continuation A—A_continuation continuation Data n—1 N1—2
T 1T 4T
Address n Header cominuatioA niinuation continuation Data n ~1.3
1T 4T 1T L
Address nt1 |Header | | coninyation TT continuation continuation Data n*1 1.4
47 1T iT
Address n+2 |Header continuation continuation continuation Data n+2 1'5
N J
Y

3:Crosstalk detecting area



U.S. Patent Jun. 30, 2009 Sheet 3 of 36 US 7,554,897 B2

FIG. 3

Recording data 10101010 11110000 11110000 10101010
l 14D characteristic

Reproducing sample data 11111111 1222100012221000 11111111

\_ /S




US 7,554,897 B2

Sheet 4 of 36

Jun. 30, 2009

U.S. Patent

AN

~
uonenunuod |1

N
UONRENUIUOD |t

v Old

Ju9sa.d }|e3ssod)

Jasqe ¥|e}ssou)



U.S. Patent

Jun. 30, 2009 Sheet 5 of 36 US 7,554,897 B2
f20
Address n-1 | Header n-1 ’l71 Data ~ 10_1
Address n Header n ( ) Data ~10_2
Address n+1 | Header n+1 | Data ~10_3
i1 12



U.S. Patent Jun. 30, 2009 Sheet 6 of 36 US 7,554,897 B2

FIG. 6

10_1
Track n—=2 Address [7,3] Data 50}
Track n-1 Address [7,3,2,1] Data MO 3
Track n Address [7,11 Data 5/10—4
Track n+1 Address [7,3] Data 5/10_5
Track n+2 Address [7,3,2,1] Data 5/ -
C )
Y

11



US 7,554,897 B2

Sheet 7 of 36

Jun. 30, 2009

U.S. Patent

60}

uole|Npowap
/uone|npow

T

uone|npowap
/3uipodu’d
003

123

}

A

1019978p SSad
10032p %<L.M.m|

Jun uoesldnu
pue uoo3)ep WO4

dd]

)

45"

juawisnipe 1850 SN20

[ Uonoaup ¥|B1SS0.D

OI}BJ ¥|E}SS04D

L0}

L
-

:
:

N

001

fpe samod
anjeA WNWIXEW UOIE[9.400 SSOID Ny m jusunsnip Mm/d
) SNOUQIYDUAS  |g--- /¥oedy Jo/uswisnipe 31| !
‘ﬁ| Moeay |+u J m v ABALID
_10310838p anjeA 1 | “orer0uo3 o onIg
A|e3ss04] _I 4030939p ' uioj3ed Jspesy
- SNOUoJyouAs [ ! . N
w \\ yoeuy |-u & uieyjed Jopesy e0l
99| EGL o----F O !
891 * ' 1L 1oopd Buidweg ¥01
............... | ) _om L1y
uopdss | mcz.ouumv - ”a\< n_ﬂu_\n_n_II 0V dnyoid~_201
gunsnfpe | UOHBWIOJU! JBPBSY | souaioyp ' ; .
oouasapp| -82uUdIYIp 3SBYJ |  -3seud ! w w
oseug { 901 501
T — S o, !
] e1ep 93
vl 101



U.S. Patent Jun. 30, 2009 Sheet 8 of 36 US 7,554,897 B2

FIG. 8

A
201
D( J ’6) Groove B
( 3 Land
Medium structure ( IS Groove )
C] Land
Tpp
\/
123
FCM detection 1 _
+ Multiplication 124

External clock l|||||||||llllllll"IjﬁﬁﬁﬁﬁﬁﬁﬁﬁJLMHﬂﬂJﬁ{ ............ J




U.S. Patent Jun. 30, 2009 Sheet 9 of 36 US 7,554,897 B2

FIG. 9

- Channel
_ Track M series —»| characteristic |— Head pattern
information generator converter

) )

159 156



U.S. Patent Jun. 30, 2009 Sheet 10 of 36 US 7,554,897 B2

155¢ 195
EXOR
NA
E'"%g """"""""" ie—— Track information
RS T
1 1 2| 3 n p—— Series

195b



U.S. Patent

Binary data
“0"0"“1 ”

Jun. 30, 2009 Sheet 11 of 36 US 7,554,897 B2
156
156b
1 6 1 T 156d
0”,"1","2

* > 17.40","1"
+_

L Maximum

g > value—2
)

156a 156¢



U.S. Patent Jun. 30, 2009 Sheet 12 of 36 US 7,554,897 B2

FIG. 12

Header detecting gate
]

' - Synchronous—detector

1 " maximum value

Header pattern

Y
o Phase- | Header position
Sampling data — Synchronous Differomtiati dif-f:r:ice information
detector | e{:n; on detector Phase—difference
- S information
197 158 \ 159

1563



U.S. Patent Jun. 30, 2009 Sheet 13 of 36 US 7,554,897 B2

FIG. 13

157b
“‘ Header pattern
Sampling data \,-_'[_\
s(®) ‘-
Y l |
— F— :
: : Cross correlation
’ ' ' 2 value
! E i r(t)
»|  Shift register 1+~157d

)
CLK 157a k\



U.S. Patent Jun. 30, 2009 Sheet 14 of 36 US 7,554,897 B2

FIG. 14

Head detecting gate —
159a
. Cross— | —
Cross correlation threshold value > )
. correlation
Cross correlation value _,|threshold value
r(t) —t detection
lEnabb
Differential cross correlation value Optimum-— L Header position

information h
— Phase—difference
information p

phase—detection
computing unit

y YU

r'(t)

Sampling clock \
159b
199



U.S. Patent Jun. 30, 2009 Sheet 15 of 36 US 7,554,897 B2

FIG. 15

Tap 160
Phase—difference \ coefficient |—
information selector
\ 161
FR [
Sampling data — filtar ——  Sampling data

N

154



U.S. Patent Jun. 30, 2009 Sheet 16 of 36 US 7,554,897 B2

FIG. 16

16]b
! —Tap coefficient
Sampling data lx--[_,
s(t) E Co _i_
Y ) )
—>r H___i_
| [k
"_>[ 1 ]
i ? s |—— Interpolation
: E E data e(t)
v ! !
' ] ] N
> Shift register 161d
CLK 161a 161c



U.S. Patent Jun. 30, 2009 Sheet 17 of 36 US 7,554,897 B2

FIG. 17
N

Buffer
Address area Header Data \/.
! b 162
Address pulse . ! b N
Read gate \ J : : : < —>
Header detecting \J i i 163
trigger L E E < —>
Header detecting ' 'I—-l' 164
ate L - >
. Header length delay N

—_
(=2}
(&)}




U.S. Patent Jun. 30, 2009 Sheet 18 of 36 US 7,554,897 B2

1551 156_1
S— - s
! ! Channel
i 7P Trackn-1, 4 »| characteristic header pattern
P M seriws generator i converter n—-1
N | 1552
Track bl Trackn, Channel header pattern
information-"r T ™™ M seriws generator|: ~ charac'teristic n
(. 1156 2_/ converter
' : 1 -
b Track n+1, | _ Channel header pattern
! "I M seriws generator|} ¥ characteristic ’ n+1
| ) converter
Laccmccmmccccncccces S ———t 5



US 7,554,897 B2

Sheet 19 of 36

Jun. 30, 2009

U.S. Patent

O3B ¥|B1SS0.4)

UOI303.Ip ¥|B}SS04D)

—

Comparison*
controller

(18}

|+U ¥|B155040)

Am

0Ll

\

|+U yoea}

uoljeuLIB}ap
anjea

<ﬂ

ploysalyy

an|BA—UOI}E|2.40D
“— _SSO.D—WNWIXEe

A

EL1

891

J

|-U ¥|e155040)

U yoeJ}
aM|eA-UOI}B|2.4400
~SSO4D—WNWIXBN

Am

uoljeuluLIa}ap
anjea

<ﬂ

ploysaly |

|—U yoedy
<— 9N|BA-LOI}B|9410D
—SSOUD-WNWIXBA

LL1

6l 9Old

)

691



U.S. Patent

Jun. 30, 2009 Sheet 20 of 36

FIG.20
A

US 7,554,897 B2

g . B
Address n-1 Hefﬂe; __< Data —~—10__1
(A) Address n Heander\j Data —~—10_2
Address n+1 Her?ﬂer Data 10__3
Cross correlation n-1
4000
(B) 2500
0 1,.,Dcfﬂ | lJDUDULEIDEKLD
-1000 |
0 5 10 15 20 25 30 35
Cross correlation n
4000
(C) 2500 }ﬁ
0 X ]‘Chr‘r]
-1000 L— [T
0 5 10 15 20 25 30 35
Cross correlation n+1
4000 —
2500
(D)
: e
-1000
00O 5 10 15 20 25 30 35
\_ Y,




U.S. Patent Jun. 30, 2009 Sheet 21 of 36 US 7,554,897 B2

FIG.21
A

/
20 h
/[
Address n-1 Hena_d1er / Data p—~—10__1
(A) Address n He??er<:::> Data. p——10__2
Address n+1 | Header Data 10__3
n+1

Cross correlation n-1
4000

2500

(B) 0 O ki
-1000 L |

0 5 10 15 20 25 30 35

Cross correlation n
4000
(©) 2500 ;f%%%

0 ‘oo
1000 — L | [ ]

0 5 10 15 20 25 30 35

Cross correlation n+l
4000

2500

(D)

0
-1000

0 5 10 15 20 25 30 35




U.S. Patent Jun. 30, 2009 Sheet 22 of 36

FIG.22
A

US 7,554,897 B2

( 20
/

n-1
(/\) Address n Hei?e?"l;y Data ——10__2
N
Address n+1 H?ﬁgfr Data —~——10__3

Cross correlation n-1

4000
2500

0 T mmmat.e === e At
-1000 1 |

0 5 10 15 20 25 30 35

Cross correlation n
4000

(C) 2500 'f
0 %b'l’lfcu:n\c"

0 5 10 15 20 25 30 35

Cross correlation n+1
4000

2500

(D)
oot s

0 5 10 15 20 25 30 35
\

Address n-1 Header // Data ——10__1




U.S. Patent Jun. 30, 2009 Sheet 23 of 36 US 7,554,897 B2

~+~~-102a

~NT_Y

FIG. 23

101

102a



U.S. Patent Jun. 30, 2009 Sheet 24 of 36 US 7,554,897 B2

~
4 /20
Address n-1 Hﬁﬁﬂfr ,,_AZT Data — 10__1
(A) Address n Hei?er /) Data b~—_10_2
Address n+1 ”ﬁﬁfﬁr Data —~—10__3

Cross correlation n-1
4000

2500

0 ]

-1000 | [ |
0 5 10 15 20 25 30 35

(B)

Cross correlation n
4000

(C) 2500 3
0 dd!frt%&ibﬂﬂﬂﬂxquu
000 L—L | '

0 5 10 15 20 25 30 35

Cross correlation n+1
4000

2500

: s
-1000

0 5 10 15 20 25 30 35

(D)

-




US 7,554,897 B2

Sheet 25 of 36

Jun. 30, 2009

U.S. Patent

0z 0¢
] \ \
£0l~ eeqg \ |+U 49pEBH | |4u SSAUPPY e 0l~ =eq V._r |+U J9peaH | 14+u ssauppy
_(a) ele(] u Jepesy u ssaJppy 201~ ®=ea m /v U J9pesy u ssaJppy
201 - - N’
0L~ ®ea 1_1 |-u Jspea | |-u ssaippy 1701~ eea |—u JapesH | p-u ssauppy
(D) LV I B e e T oy T




US 7,554,897 B2

Sheet 26 of 36

Jun. 30, 2009

U.S. Patent

YLl
m mwz
o 10]08]ap | 49W@AU0D
Gl }JosSyo OQ age}joA
[ phheinteiae it I N/l lllllllllllll
H uonoas Junoalap
103BjNPOWaP O] w— «j{ UOR9sS uoiEULIo}UI aousIaIp
O=d m Bunsnipe dapeay pue —aseyd
aoualaylp _

m _aseud ‘m.u:m._ot_v aseyd 1ayng
" ejep 3uljdweg
m
;
m doysnipe aseyd 3unjejodiajul—|eudig
1




US 7,554,897 B2

Sheet 27 of 36

FIG. 27

U.S. Patent

Jun. 30, 2009

Aouanbau

FIG. 28

Aousnba.y

128

96



US 7,554,897 B2

Sheet 28 of 36

Jun. 30, 2009

U.S. Patent

FIG. 29




US 7,554,897 B2

Sheet 29 of 36

Jun. 30, 2009

U.S. Patent

:o:

Japesy wnwndQ

O-10]

«0.,UBY} 1ISHI0

ejep 3ujdweg

PYLIT
Wil 274 w "
e|nojes Hnodo i m
anjeA 19sH0 Alm”,ou ! m.._u «—| 3uyore|« S m
[BA 383SHO e1e(] m m
_ | 1/.0.UBU) JOUI0
uorjew.oyul uorisod ; “ <

[ PN '~

utoyjed Suliedwod A ~
\ co_um_otoowmo;o 03.—
vm—

0¢ Ol4



U.S. Patent Jun. 30, 2009 Sheet 30 of 36 US 7,554,897 B2

FIG.31

P
Cross correlation n ¢///
4000 £
2500 j‘i
0 th"lnqmm—
-1000

0 5 10 15 20 26 30 35

Accumulated value

8050

8000 dﬁH\

7900 leDD‘ e
7850 '

0 5 10 15 20 256 30 35



US 7,554,897 B2

Sheet 31 of 36

Jun. 30, 2009

U.S. Patent

FIG. 32




US 7,554,897 B2

Sheet 32 of 36

Jun. 30, 2009

U.S. Patent

aN|eA 39S -

L8]
N 681
Bae }un 3uindwod €303 tuns
431! 161 an a3esane~ Am:_m> Ui M
¥61 61 w m anjeA-WINWIUIN yETEIE
m M . 1 SATUIN Fuwuwing |
2/ 49pnIg | 4030eNgng 061 §01equin 1919L 1 “anjen
SATXEN winwiu
Liojesedwon le{ t0j0BnGNg / | 1o soqunu er0) .m:_.m\./s_
s | 3un 3unpndwod _ - |wnwxep

adetane-anjea
—~wnuwixep

uoneuLosul uonisod
Jopesy wnwndo

881

21}S14810BIBYD [BUURYD
<«— Y}M usa)ied Japesy

«—— [eudis a|dweg

|e30} wns
anjeA wnuixep

$BIN

€e Old

[9AS] 8oUBIB40Y



US 7,554,897 B2

Sheet 33 of 36

Jun. 30, 2009

U.S. Patent

40}e|npowap o}

101

GEN

901

w

G61 vl
Joisnipe
) 10]03)ap
JUBI014000 . -
19840 Od
195430 €4l
T f
m uuuuuuuuuuu VEFGE
nv ' uonoss [* 3uno91ep |
m Sunsnipe uopjeuiojul aouaiapp
1 |eousiayp 4opeay pue —8seyd
' aouaJayip-aseyd
061 || = 2 [Tayng
! ejep 3uidwesg
! Joisnfpe sseyd
m Sunejodiajui-jeudig
P L L L L L L L P L L L L R P T ]
b
.__
061

[ a/v }«— 4d71/4dH [+ 0Ov|<«—Ieubis oW




US 7,554,897 B2

Sheet 34 of 36

Jun. 30, 2009

U.S. Patent

Joje|npowaq o]

anjeA wnuwiixew
UOI3B}84100-55040

an |=—

4d1/4dH [+~ 09V /|<~—eusis oW

L6}

Joisnipe.

dej ulen
S ToRoss
t1 uonoas ~ uoljeuLIoul Buosiep
1 | 2unsnipe 4apeay pue SouaJalip
| -3se
! laouasayip | aouasayip-aseyd Ud

LOL 1| -eseyd |e Jdayng
! ejep Juidweg
H Joisnlpe aseyd
[}
: 3uniejodiajui-|eusis
memeems SOt A0 IR .
)
0Gt



U.S. Patent Jun. 30, 2009 Sheet 35 of 36 US 7,554,897 B2

FIG. 36

Target correlation value

Y

. Gain
Cross—correlation — [
. calculator
maximum value ~————
S Multi
. ]
197a —plier Co
CO /
'\
— ¢,
C1 >
/
>\
—* ¢,
C2 ;-/r
197b



U.S. Patent Jun. 30, 2009 Sheet 36 of 36 US 7,554,897 B2

FIG. 37

12P 160
Phase—difference coefficient —
information selector
A
Maximum cross- I:p . 198
correlation value coe. icien
adjustor
\
. FIR ' 161 .
Sampling data ——» flter — Sampling data




US 7,554,897 B2

1
DATA REPRODUCER

This is a continuation of International Application No.
PCT/IP03/11068, filed Aug. 29, 2003.

TECHNICAL FIELD

The present invention relates to a data reproducer which
reproduces the data recorded in a recording medium.

BACKGROUND ART

Larger capacity and higher-speed transfer are eagerly
requested in future for data reproducers such as an optical
(magnetic) disk drive and a hard disk drive (HDD) repre-
sented by a DVD (Digital Versatile Disk) and MO (Magneto-
Optical disk) continuously becoming higher density in recent
years in the deversified information society. However, in the
case of arecording medium for these data reproducers, a track
interval becomes very narrow. Therefore, the quality of a
reproduction signal is easily influenced by crosstalk and
higher density is difficult.

To realize higher density by improving the quality of the
reproduction signal, it is considered to detect and cancel
crosstalk.

FIGS. 1 and 2 are illustrations showing examples of for-
mats to be applied to a recording medium in order to detect
crosstalk. FIG. 1 shows an example of a format which does
not distinguish between crosstalks from both tracks adjacent
to each other and FIG. 2 shows an example of a format which
differentiates crosstalk from which of both tracks adjacent to
each other.

In either of examples of formats in FIGS. 1 and 2, crosstalk
detection areas 3 in which 1T continuous block and 4T con-
tinuous block are arranged on tracks 1_1, ..., and 1_5 and
block arrangement patterns between the 1T continuous block
and the 4T continuous block are different between adjacent
tracks in the crosstalk detection areas 3. Thus, when a beam
spot 2 becomes off track in the crosstalk detection areas 3 in
which the 1T continuous block and 4T continuous block are
arranged, it is possible to detect the crosstalk generated in a
reproduction signal.

In this case, sample data values (reproduction signals)
reproduced from the 1T continuous block and 4T continuous
block are described.

FIG. 3 is an illustration showing sample data values repro-
duced from the 1T continuous block and 4T continuous
block.

The pattern “10101010” shown in FIG. 3 shows the data
recorded in the 1T continuous block and the pattern
“11110000” shows the data recorded in the 4T continuous
block. These recorded data values are reproduced by a repro-
ducing channel having the 14D characteristic and become
sample data values (reproduction signals) of “11111111” and
“12221000”. Therefore, the reproduction signal from the 1T
continuous block is a signal having an amplitude of 0 and a
reproduction signal from the 4T continuous block has a large
amplitude.

The examples of formats shown in FIGS. 1 and 2 respec-
tively calculate a crosstalk value by measuring how many
amplitude signals due to the 4T continuous block of adjacent
tracks cause crosstalk in the 1T continuous block in which
amplitude does not occur by using characteristics of the
reproduction signals.

FIG. 4 is a conceptual view of crosstalk detection.

In the case of the reproduction signal 4_1 when there is no
crosstalk, amplitude becomes 0 in the 1T continuous block.
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However, in the case of the reproduction signal 4_2 when
there is crosstalk, an amplitude signal 5 is detected in the 1T
continuous block and the amplitude signal 5 is crosstalk due
to the 4T continuous block of adjacent tracks. Moreover, by
comparing the amplitude of the 4T continuous block at the
previous stage with a 4T continuous amplitude causing
crosstalk, it is possible to measure the degree of crosstalk.

A technique which detects crosstalk in a test area on a
recording medium in accordance with the principle of the
crosstalk detection concept and applies offset to a beam spot
position to a track (for example, refer to Patent Document 1)
and a technique which forms a crosstalk detection area by
using a prepit (for example, refer to Patent Document 2) are
known.

(Patent Document 1) Japanese Patent [aid-Open No.
8-77627

(Patent Document 2) Japanese Patent [aid-Open No.
8-45080

However, it is difficult to obtain an accuracy which suffi-
ciently improves a quality of a reproduction signal by the
crosstalk detection according to the principle. Moreover, the
capacity of a recording medium is lost by a value equivalent
to a crosstalk detection area.

The quality of a reproduction signal is influenced also
when the offset of a signal intensity or a gain defect of a signal
occurs in a processing circuit which processes a reproduction
signal other than the case of the crosstalk.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a data
reproducer which improves the quality of a reproduction sig-
nal in view of the above situation. Particularly, it is a first
object of the present invention to improve a quality by high-
accuracy detection of crosstalk and a second object of the
present invention to improve a quality by correction of an
offset or gain of a reproduction signal.

A first data reproducer of the present invention which
achieves the above objects is a data reproducer which repro-
duces data from a recording medium which has a plurality of
parallel linear tracks and in which data is recorded along the
tracks, wherein:

the recording medium has a first area along the tracks in
which user data is recorded and a second area which
precedes the first area along the tracks and in which
pattern data used for correction of reproducing timing of
the user data is recorded, and the pattern data adjacent to
each other being mutually different between tracks adja-
cent to each other, and

the data reproducer comprises:

a head which faces the recording medium, reproduces the
data recorded in the recording medium, and obtains a
reproduction signal;

a first pattern comparing section which compares a repro-
duction signal obtained when the second area along a
track to be reproduced by the head with the pattern data
which must be reproduced from the second area;

a timing correcting section which corrects reproducing
timing in accordance with a comparison result by the
first pattern comparing section;

a second pattern comparing section which compares a
reproduction signal obtained when the second area
along the track to be reproduced by the head with the
pattern data which must be reproduced from the second
area along a track adjacent to the track to be reproduced;
and
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a crosstalk detecting section which detects crosstalk in
accordance with comparison results by the first pattern
comparing section and the second pattern comparing
section.

According to the first data reproducer of the present inven-
tion, it is possible to accurately detect the crosstalk due to the
pattern data on adjacent tracks in accordance with the com-
parison results by the first pattern comparing section and
second data comparing section, reduce crosstalk, and
improve a signal quality.

Moreover, because the pattern data also serves as the pat-
tern data which has been prepared so far on the recording
medium in order to reproduce user data, it is possible to avoid
the capacity loss of the recording medium.

In the case of the first data reproducer of the present inven-
tion, it is preferable that the pattern data is pattern data whose
auto correlation value shows a peak only at a coincidence
point and in which a cross correlation value with other pattern
is smaller than the auto correlation value. In this case, it is
particularly preferable that the above pattern data is a maxi-
mum length shift-register-sequence (M sequence).

When pattern data is data showing the above auto-correla-
tion value or cross-correlation value as represented by longest
code sequence (M sequence), the detection accuracy of
crosstalk is further improved.

Itis preferable that in the first data reproducer of the present
invention includes a tracking adjusting section which adjusts
the reproducing position of the head to the track to be repro-
duced in accordance with the crosstalk detected by the
crosstalk detecting section.

Because normal crosstalk is generated when the reproduc-
ing position of a head is shifted from a target track, crosstalk
decreases by correcting the reproducing position to the track.

It is allowed that the first data reproducer having the track-
ing adjusting section has a conformation that “the above
recording medium has a test area used for a test of recording/
reproducing of data, and

the tracking adjusting section performs the adjustment in
accordance with the crosstalk detected at the time of a test in
the test area”, a conformation that “the tracking adjusting
section performs the above adjustment when failing in
recording/reproducing of data and retrying recording/repro-
ducing”, or a conformation that “the above tracking adjusting
section sequentially performs the adjustment in accordance
with the crosstalk detected when data is reproduced”.

When performing adjustment in accordance with the
crosstalk in a test area, adjustment is performed by estimating
an adjustment value suitable for data reproduction in another
area from the crosstalk in the test area. Therefore, it is pos-
sible to reduce the addition to a reproducer by also detecting
crosstalk when reproducing data in the another area.

Moreover, when performing adjustment when retrying
recording and reproducing, it is possible to reduce the addi-
tion to the reproducer by leaving the crosstalk which realizes
recording and reproducing as it is.

Furthermore, when successively performing adjustment in
accordance with the crosstalk detected at the time of repro-
ducing, it is possible to prevent the crosstalk working against
recording and reproducing from occurring though the addi-
tion to the reproducer is large.

Furthermore, it is also preferable that the first data repro-
ducer of the present invention has an angle adjusting section
which adjusts an angle for the head to face the recording
medium in accordance with the crosstalk detected by the
crosstalk detecting section.

Also when the head tilts from the recording medium with-
out staying at a correct position, this becomes a cause of
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crosstalk. In this case, it may be difficult to reduce crosstalk
even if correcting the reproducing position of the head. There-
fore, it is possible to reduce crosstalk by using the angle
adjusting section.

It is allowed that the first data reproducer including the
above angle adjusting section has a conformation that “the
above recording medium has a test area used for a test record-
ing/reproducing of data, and

the above angle adjusting section performs adjustment in
accordance with the crosstalk detected at the time of a test in
the test area”, a conformation that “the above angle adjusting
section performs the above adjustment when failing in
recording/reproducing of data and retrying recording/repro-
ducing”, or a conformation that “the above angle adjusting
section sequentially performs the above adjustment in accor-
dance with the crosstalk detected when reproducing data”.

Advantages of the conformations shown above are the
same as the advantages of conformations when using the
tracking adjusting section.

Moreover, it is preferable that the first data reproducer
includes a reproducing-power adjusting section which
adjusts the reproducing-power of the head in accordance with
the crosstalk detected by the crosstalk detecting section.

When the reproducing-power is improper and particularly
too strong, a beam spot on a medium becomes too large and
crosstalk occurs. Therefore, by using the reproducing-power
adjusting section, it is possible to reduce crosstalk by adjust-
ing the spot size to a proper size.

It is allowed that the first data reproducer having the above
reproducing-power adjusting section has a conformation that
“the above recording medium has a test area used for a test of
recording/reproducing of data and the reproducing-power
adjusting section performs the above adjustment in accor-
dance with the crosstalk detected at the time of a test in a test
area”, a conformation that “the above reproducing-power
adjusting section performs the above adjustment when failing
in recording/reproducing of data and retrying recording/re-
producing”, or a conformation that “the above reproducing-
power adjusting section successively performs the above
adjustment in accordance with the crosstalk detected when
reproducing data.

Advantages of the conformations shown above are the
same as advantages of the conformations when using the
tracking adjusting section.

Moreover, it is preferable that the first data reproducer of
the present invention has a distance adjusting section which
adjusts a distance for the head to face the recording medium
in accordance with the crosstalk detected by the crosstalk
detecting section.

When the distance for the head to face the recording
medium is improper, a beam spot on the medium is out of
focus and a crosstalk rate increases. Therefore, by using the
above distance adjusting section, it is possible to repair a state
out of focus and decrease crosstalk.

It is allowed that the first data reproducer having the above
distance adjusting section has a conformation that “the above
recording medium has a test area used for a test of recording/
reproducing of data and the above distance adjusting section
performs the above adjustment in accordance with the
crosstalk detected at the time of a test in a test area”, a
conformation that “the distance adjusting section performs
the above adjustment when failing in recording/reproducing
of data and retrying recording/reproducing”, or a conforma-
tion that “the distance adjusting section sequentially performs
the above adjustment in accordance with the crosstalk
detected when reproducing data”.
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Advantages of the conformations shown above are the
same as advantages of the conformations when using the
tracking adjusting section.

Moreover, it is preferable that the first data reproducer of
the present invention has a conformation that “the above head
records data in a recording medium, and the data reproducer
includes a recording-power adjusting section which adjusts
recording power of the head in accordance with the crosstalk
detected by the crosstalk detecting section”.

When crosstalk occurs, cross write may occur which over-
writes the data in an adjacent track when recording data.
Therefore, by using the above recording-power adjusting sec-
tion, it is possible to prevent cross write by adjusting record-
ing power to proper power.

It is preferable that the first data reproducer having the
recording-power adjusting section has a conformation that
“the above recording medium has a test area used for a test of
recording/reproducing of data and the above recording-power
adjusting section performs the above adjustment in accor-
dance with the crosstalk detected at the time of a test in a test
area”. By previously properly adjusting recording power in
accordance with the crosstalk in the test area, it is possible to
prevent crosswrite from occurring when permanently record-
ing user data.

It is preferable that the first data reproducer of the present
invention obtains a cross correlation value as a result when the
first pattern comparing section and the second pattern com-
paring section compare pattern data with a reproduction sig-
nal.

It is possible to accurately determine matching or mis-
matching of a pattern by obtaining the cross correlation value
and as a result, it is possible to accurately determine presence
or absence of crosstalk.

Moreover, it is preferable that the fist data reproducer of the
present invention converts the pattern data when the first
pattern comparing section and the second pattern comparing
section compare pattern data with a reproduction signal so
that the sum total of data levels becomes 0 and compares the
converted pattern data with the reproduction signal to obtain
a cross correlation value.

When the pattern data is converted so that the sum total of
levels of the pattern data becomes 0 and is used for compari-
son, a correlation value when comparison with a signal hav-
ing no correlation becomes 0 and present or absence of cor-
relation becomes clear.

Moreover, in the case of the first data reproducer of the
present invention, it is preferable that the crosstalk detecting
section detects crosstalk in accordance with a relative ratio
between maximum values of cross correlation values
obtained by the first pattern comparing section and the second
pattern comparing section. It is possible to accurately detect
presence or absence and a rate of crosstalk in accordance with
the above relative ratio.

Furthermore, it is preferable that the above crosstalk
detecting section of the first data reproducer of the present
invention determines that crosstalk is present when the cross
correlation value obtained by the second pattern comparing
section exceeds a predetermined threshold value.

When the predetermined threshold value is used as a deter-
mination reference, accurate determination not influenced by
a threshold value generated by a cause other than crosstalk is
realized. In this case, it is also allowed that the crosstalk
detecting section determines presence or absence of crosstalk
by the set predetermined threshold value.

A second data reproducer of the present invention which
achieves the above object is a data reproducer which repro-
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duces data from a recording medium which has a plurality of
parallel linear tracks and in which the data is recorded along
the tracks, wherein:

the recording medium has a first area along the tracks in
which user data is recorded and a second area which
precedes the first area along the tracks, and the second
area being used for correction of the reproducing timing
of the user data and having recorded therein pattern data
whose auto correlation value shows a peak only at a
coincidence point, and

the data reproducer comprises:

a head which faces the recording medium and reproduces
the data recorded in the recording medium to obtain a
reproduction signal;

a pattern comparing section which compares a reproduc-
tion signal reproduced in the second area along a track to
be reproduced and obtained by the head with pattern
data which must be reproduced from the second area;

a timing correcting section which corrects reproducing
timing in accordance with a comparison result by the
pattern comparing section; and

a DC offset correcting section which detects the DC com-
ponent of a reproduction signal obtained by the head in
accordance with a comparison result by the pattern com-
paring section and corrects the DC component of the
reproduction signal by an offset correction value corre-
sponding to the DC component.

According to the second data reproducer of the present
invention, it is possible to accurately obtain and correct a
value (offset value) in which the DC component of the repro-
duction signal is deviated from the original level suitable for
signal processing by using a comparison result by the pattern
comparing section and improve a signal quality.

It is allowed that the second data reproducer of the present
invention has a conformation that “the above DC offset cor-
recting section corrects the DC component of the reproduc-
tion signal by feeding back an offset correction value to an
output of the head” or a conformation that “the DC offset
correcting section corrects the DC component of the repro-
duction signal whose reproducing timing is corrected by the
timing correcting section by an offset correction value”.

When correcting an offset correction value for the repro-
duction signal whose reproducing timing is corrected, digital
correction of feed forward can be made and it is suitable for
improvement of signal processing speed.

Moreover, it is allowed that the second data reproducer of
the present invention has a conformation that “the DC offset
correcting section obtains the DC component of a reproduc-
tion signal by obtaining the timing at which pattern data
becomes 0 level from a comparison result by the pattern
comparing section and calculating the sum total of reproduc-
tion signal values at the timing” or a conformation that “the
above DC offset correcting section obtains the DC compo-
nent of a reproduction signal by obtaining the timing at which
pattern data becomes a maximum level and the timing at
which the pattern data becomes a minimum level from a
comparison result by the pattern comparing section and cal-
culating the intermediate value between the average of repro-
duction signal values at the timing at which the pattern data
becomes the maximum level and the average of reproduction
signal values at the timing at which the pattern data becomes
the minimum level”.

Moreover, in the case of the second data reproducer of the
present invention, it is preferable that the DC offset correcting
section receives setting of a reference level and obtains the
offset correction value in accordance with the difference
between the reference level and the DC component.
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According to this preferable embodiment, when a DC com-
ponent level scheduled by a processing system which pro-
cesses a reproduction signal is set as a reference level, a
proper offset correction value is obtained and improvement of
a signal quality by proper correction is realized.

A third data reproducer of the present invention which
achieves the above object is a data reproducer which repro-
duces data from a recording medium which has a plurality of
parallel linear tracks and in which the data is recorded along
the tracks, wherein:

the recording medium has a first area along the tracks in
which user data is recorded and a second area which
precedes the first area along the tracks, the second area
being used for correction of the reproducing timing of
the user data and having pattern data whose auto corre-
lation valve shows a peak only at a coincidence point,
and

the data reproducer comprises:

a head which faces the recording medium and reproduces
the data recorded in the recording medium to obtain a
reproduction signal;

a pattern comparing section which compares a reproduc-
tion signal obtained when a second area along a track to
be reproduced by the head with the pattern data which
must be reproduced from the second area;

a timing correcting section which corrects reproducing
timing in accordance with a comparison result by the
pattern comparing section; and

a gain adjusting section which detects the gain of a repro-
duction signal obtained by the head in accordance with a
comparison result by the pattern comparing section and
adjust the gain.

According to the third data reproducer of the present inven-
tion, it is possible to accurately obtain the gain of the repro-
duction signal by using the comparison result by the pattern
comparing section, correct the gain to the original gain suit-
able for signal processing, and improve a signal quality.

It is preferable that the third data reproducer of the present
invention has a conformation that “the pattern comparing
section obtains a cross-correlation value as a result of com-
paring the pattern data with the reproduction signal and the
gain adjusting section detects the gain of the reproduction
signal through comparison between the maximum value of
cross-correlation values obtained by the pattern comparing
section with a predetermined target maximum value”.

According to the preferable third data reproducer, the gain
of'the reproduction signal can be accurately obtained because
the maximum value of cross-correlation values is used.

Moreover, it is preferable that the third data reproducer of
the present invention has a conformation that “the above head
obtains an analog reproduction signal and the reproducer
includes: a converting section for converting the analog
reproduction signal obtained by the head into a digital repro-
duction signal constituted of a digital value string; and a
digital filter which repeats the operation to obtain the sum
total by multiplying each digital value in a partial block of the
digital reproduction signal by a predetermined coefficient
while shifting the partial block from the digital reproduction
signal, and the gain adjusting section adjusts the gain of the
reproduction signal by setting the coefficient of the digital
filter”. According to the third data reproducer of this embodi-
ment, it is possible to easily and freely adjust the gain by
setting the coefficient of the digital filter.

Moreover, in the case of this preferable embodiment, it is
preferable that the digital filter is used for correction of the
reproducing timing by the timing correcting section.
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The digital filter is a circuit having a high versatility
capable of serving as a digital equalizer or signal phase con-
verter by properly setting the coefficient and it is also possible
to provide plural functions for the filter. By providing a func-
tion for gain adjustment and a function for phase adjustment
for the digital filter, it is possible to reduce a circuit scale.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration which shows an example of a
format to be applied to a recording medium not to differenti-
ate crosstalks from both tracks adjacent to each other in order
to detect crosstalk.

FIG. 2 is an illustration which shows an example of a
format to differentiate crosstalk from which of both tracks
adjacent to each other to be applied to a recording medium in
order to detect crosstalk.

FIG. 3 is an illustration which shows sample data values
reproduced from 1T continuous block and 4T continuous
block.

FIG. 4 is a conceptual view of crosstalk detection.

FIG. 5 is an illustration which shows a format concept to
detect crosstalk in an embodiment.

FIG. 6 is an illustration which shows a specific example of
pattern data.

FIG. 7 is an illustration which shows an embodiment of a
data reproducer of the present invention.

FIG. 8 is an illustration which shows a principle to generate
an external clock signal from a fine clock mark (FCM) and a
fine clock mark signal (Tpp) recorded on an optical disk.

FIG. 9 is an illustration which shows a configuration of a
header pattern generator.

FIG. 10 is a conceptual block diagram of an M sequence
generator.

FIG. 11 is a conceptual block diagram of a channel char-
acteristic converter.

FIG. 12 is a block diagram of a phase-difference detector.

FIG. 13 is a block diagram of a synchronous detector.

FIG. 14 is a block diagram of a phase-difference detector.

FIG. 15 is a block diagram of a phase-difference adjusting
section.

FIG. 16 is a block diagram of an FIR filter.

FIG. 17 is a timing chart which shows a header-detection-
gate generation procedure.

FIG. 18 is an illustration which shows a configuration of a
header pattern generator again.

FIG. 19 is a block diagram of a crosstalk value detector.

FIG. 20 is an illustration which shows a first detection
example of crosstalk.

FIG. 21 is an illustration which shows a second detection
example of crosstalk.

FIG. 22 is an illustration which shows a third detection
example of crosstalk.

FIG. 23 is a conceptual diagram which describes tilt adjust-
ment.

FIG. 24 is an illustration which shows a fourth detection
example of crosstalk.

FIG. 25 is a conceptual diagram of focus offset adjustment.

FIG. 26 is an illustration which shows a configuration
section which takes charge of a correction function for cor-
recting the offset of a signal intensity built in second embodi-
ment.

FIG. 27 is an illustration which shows an ideal state free
from DC offset.

FIG. 28 is an illustration which shows a state in which DC
offset occurs.



US 7,554,897 B2

9

FIG. 29 is an illustration which shows the principle of
offset value detection in a DC offset detector.

FIG. 30 is a block diagram of a DC offset detector.

FIG. 31 is an illustration which shows the sum total calcu-
lated by a summing amplifier.

FIG. 32 is an illustration which shows the principle of
offset value detection in another DC offset detector.

FIG. 33 is a block diagram of still another DC offset detec-
tor.

FIG. 34 is an illustration which shows a configuration
section which takes charge of correction of a DC offset in
third embodiment.

FIG. 35 is an illustration which shows a configuration
section which takes charge of correction of a gain defect in
fourth embodiment.

FIG. 36 is a block diagram of a gain tap regulator.

FIG. 37 is an illustration which shows a modification of the
fourth embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention are described below.

FIG. 5 is an illustration which shows a format concept for
detecting crosstalk in the present embodiment.

In the case of this embodiment, pattern data different
between adjacent tracks is recorded in the header area 11 of
each of tracks 10_1, 10_2, and 10_3 and the header area 11
also serves as a crosstalk detection area. Moreover, the pattern
data recorded in the header area 11 is data which has large
auto-correlation when patterns are matched used for phase
adjustment of user data recorded in a data area 12 as described
later. In the case of this embodiment, the pattern data is used
for detection of crosstalk.

Inthe case of the present invention, it is possible to provide
the function of the pattern data for address data. An example
in which a header is prepared separately from address is
described below.

FIG. 6 is an illustration which shows a specific example of
pattern data.

FIG. 6 shows fivetracks 10_1,...,and 10_5 and a 16-byte
M sequence (Maximum sequence) is recorded in the header
area 11 of each track as an example of the above pattern data.
For example, an M sequence generated by the feedback
method [7, 1] is recorded in the track 10_3 having track
number “n”. Moreover, an M sequence generated by each of
three types of the feedback methods (7,1), (7,3), and (7,3,2,1)
is recorded in the header area 11 of each track. For example,
a M sequence generated by the feedback method (7,3,2,1) is
recorded in the track 10_2 having a track number “n-1"
adjacent to one hand of the track 10_3 having a track number
“n” and an M sequence generated by the feedback method
(7,3) is recorded in the track 10_4 having a track number
“n+1” adjacent to the other hand. Thus, M sequences are
different between adjacent tracks and M sequences are dif-
ferent between tracks adjacent to the both sides of an arbitrary
track. FIG. 7 is an illustration which shows an embodiment of
a data reproducer of the present invention.

The reproducing system of the data reproducer 100 shown
in FIG. 7 is constituted of an optical pickup 102 which mainly
receives the light reflected from an optical disk 101 by apply-
ing an optical beam to the optical disk 101 and converts the
reflected light into an electrical signal, AGC (Automatic Gain
Control) 104 which controls a signal gain constant by receiv-
ing a signal output from the optical pickup 102, analog equal-
izer 105, A/D converter 106, interpolating phase-difference
correcting system 150, header pattern generator 151, digital
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waveform equalizer 107, demodulator 108 for demodulating
a sampling value to binary data, fine clock mark (FCM)
detector 112, PLL 113, and address mark detector 114.

The data reproducer 100 shown in FIG. 7 converts an MO
signal (reproduction signal) reproduced from the optical disk
101 into user data by using an external clock system described
below. In this case, the external clock system is a system
which obtains a clock when reproducing data from a special
fine clock mark embedded in a medium. In this case, an
external clock is generated from a tangential push-pull (Tpp)
signal from which a fine clock mark is reproduced by making
the PLL 113 synchronous with a signal detected by the fine
clock mark detector 112.

FIG. 8 is an illustration which shows the principle to gen-
erate an external clock by the PLL. 113 from a fine clock mark
(FCM) 201 recorded in the optical disk 101 and a fine clock
mark signal (Tpp). Description is continued below by refer-
ring to FIGS. 7 and 8.

A fine clock mark (FCM) 201 shown at the highest stage of
FIG. 8 is reproduced by the optical pickup 102 using an
optical beam. A Tpp signal shown at the middle stage of FIG.
8 is obtained when the fine clock mark (FCM) 201 is repro-
duced. The Tpp signal is detected by the fine clock mark
detector 112, becomes a pulsed FCM detection signal 123,
and is output from the fine clock mark detector 112. When the
FCM detection signal 123 is multiplied by the PLL 113, an
external clock (sampling clock) 124 is generated.

In the case of an MO signal reproduced from the optical
disk 101 by the optical pickup 102, the signal amplitude is
controlled by the AGC 104, waveform-equalized by the ana-
log waveform equalizer 105, and then sampled by the A/D
converter 106 which uses an external clock generated as
described above as a sampling clock.

In this case, there is a phase difference between an MO
signal sampled by the A/D converter 106 and a sampling
clock input to the A/D converter 106 because a processing
system for processing the MO signal is physically different
from a generation system for generating a section clock. To
optimally sample a reproduction signal, it is necessary to
adjust the phase difference. Therefore, the interpolating
phase-difference correcting system 150 is set to the data
reproducer 100 shown in FIG. 7, after passing through the
AGC 104 and the analog waveform equalizer 105, A/D con-
version is performed by a sampling clock not necessarily
synchronous with an optimum sampling point, and an
obtained sampling signal is supplied to the interpolating
phase-difference correcting system 150, phase-difference
correction and data head detection adjustment are performed
by the system 150, and the sampling signal is converted into
a signal equal to the signal sampled at the optimum sampling
point and output. Phase-difference correction by the interpo-
lating phase-difference correcting system 150 corresponds to
correction of the data reproducing timing. Moreover, a phase-
difference corrected signal is waveform-equalized by the
digital waveform equalizer 107, demodulated by the demodu-
lator 108, sent to an optical disk control section 109, and
output from the optical disk control section 109 as user data
130.

Details of the interpolating phase-difference correcting
system 150 are described below.

As shown in FIG. 7, the interpolating phase-difference
correcting system 150 includes a bufter 152 which tempo-
rarily stores sampling data, a phase-difference detecting sec-
tion 153 which detects a phase difference by using a header
pattern generated by the header pattern generator 151, and a
phase-difference adjusting section 154 which adjusts the
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phase difference of the sampling data in accordance with the
phase difference detected by the phase-difference detecting
section 153.

FIG. 9 is an illustration which shows a configuration of a
header pattern generator.

The header pattern generator is constituted of an M-se-
quence generator 155 which generates an M sequence corre-
sponding to track information and a channel characteristic
converter 156 which converts an M sequence in accordance
with the 1+D characteristic of a reproducing channel and
outputs the M sequence as a header pattern.

FIG. 10 is a conceptual block diagram of the M-sequence
generator 155.

The M-sequence generator 155 is provided with a switch
group 155a which switches feedback methods in accordance
with track information, n memories 1556 which hold the data
constituting an M sequence one bit by one bit, and a logical
element 155¢ which applies an EXOR operation to the data
selected by the switch group 155a from the data held by the
memories 1555 and returned. An operation result by the logi-
cal element 155¢ is sent to the first memory among n memo-
ries 1554, the data of each bit held by each memory 15556 is
successively passed on, and M-sequence data is successively
output from the final n-th memory.

FIG. 11 is a conceptual block diagram of the channel
characteristic converter 156.

The channel characteristic converter 156 is constituted ofa
delay device 156a, adder 1565, divider 156¢, and subtracter
156d. when a binary data string of “0” and “1” is input to the
channel characteristic converter 156, the data string is
delayed by one data value by the delay device 1564, the
delayed data string and the original data string are added by
the adder 1565 and become a three-valued data string of “0”,
“17, and “2”. Thereafter, the half value of the maximum value
in the data string (in this case, “2”) is calculated by the divider
156¢, the half value is subtracted from each data of the three-
valued data string by the subtracter 1564, and a three-valued
data string of “~17, “0”, and “1” is obtained. In the case of a
data string thus obtained by being converted by the channel
characteristic converter 156, the sum total of data levels
becomes “0” when the original binary data string is a data
string in which the number of “0s” is equal to the number of
“1s” like an M sequence.

Thus, a header pattern which is generated by the M-se-
quence generator 155 and in which the sum total of data levels
become “0” by the channel characteristic converter 156 is
generated by the header pattern generator 151 shown in FIGS.
7 and 9 and this header pattern is input to the phase-difference
detecting section 153 of the interpolating phase-difference
correcting system 150.

FIG. 12 is a block diagram of the phase-difference detect-
ing section 153.

In this case, the phase-difference detecting section 153 is
constituted of a synchronous detector 157, differentiator 158,
and phase-difference detector 159. The synchronous detector
157 calculates the cross correlation value between sampling
data and a header pattern as a function value which changes in
accordance with the change of the sampling data with time
and the differentiator 158 calculates the differential value of
the cross correlation value. Then, the phase-difference detec-
tor 159 calculates a phase difference and a header position in
accordance with the cross correlation value and differential
value when a header detection gate is in an assert state.

FIG. 13 is a block diagram of the synchronous detector
157.

The synchronous detector 157 is constituted of a shift
register 157a which stores sampling data s (t) to be compared
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with a header pattern and shifts the data one clock by one
clock, a resister group 1576 in which a reference header
pattern is stored, a predetermined number of multipliers 157¢,
and a summing amplifier 1574 which calculates the sum total
of outputs of the multipliers 157c¢.

A sampling value stored in each section of the shift register
157a and a head pattern value stored in each register of the
register group 1575 are multiplied by each multiplier 157¢,
the sum total of outputs of the multipliers 157¢ is calculated
by the summing amplifier 1574, and the sum total is output as
a cross correlation value r(t).

The cross correlation value r(t) thus output by the summing
amplifier 157 and a differential cross correlation value t' (t)
obtained when the cross correlation value r(t) is differentiated
by the above differentiator 158 are input to the phase-differ-
ence detector 159.

FIG. 14 is a block diagram of the phase-difference detector
159.

The phase-difference detector 159 is mainly constituted of
a cross-correlation-value detector 1594 and an optimum-po-
sition-detection computing unit 1595. Each phase-difference
detector 159 operates while a header detection gate is in an
assert state and a header detection gate, the cross correlation
value r(t), and a threshold value are input to the cross-corre-
lation threshold value detector 159a. When the cross correla-
tion value r(t) exceeds the threshold value, the cross-correla-
tion threshold-value detector 1594 sends the cross correlation
value r(t) to the optimum-phase-difference-detection com-
puting unit 1594.

In the case of the optimum-phase-difference-detection
computing unit 1595, header position information h is
updated and output when the sent cross correlation value
becomes larger than the maximum value before the cross
correlation value or when the maximum value is updated.
Moreover, the computing unit 1595 obtains a zero cross posi-
tion of the differential cross correlation value r' (t) and outputs
phase-difference information p.

Thus, the phase-difference detecting section 153 shown in
FIGS. 7 and 12 obtains and outputs the header position infor-
mation h and phase-difference information p. The maximum
value of the cross correlation value obtained by the above
synchronous detector 157 is also output. The phase-differ-
ence information p is supplied to the phase-difference adjust-
ing section 154 together with the sampling data stored in the
buffer shown in FIG. 7.

FIG. 15 is a block diagram of the phase-difference adjust-
ing section 154.

The phase-difference adjusting section 154 is constituted
of a tap coefficient selector 160 and an FIR filter 161, the
phase-difference information p is input to the tap coefficient
selector 160, and sampling data is input to the FIR filter 161.
The tap coefficient selector 160 selects a tap coefficient to
obtain an interpolation value equal to the sampling data
sampled at optimum sampling timing based on the phase-
difference information p.

FIG. 16 is a block diagram of the FIR filter 161.

The FIR filter 161 is constituted of a shift register 161a
which stores the sampling data s(t) and shifts it one clock by
one clock, a register group 1615 in which a selected tap
coefficient is stored, a predetermined number of multipliers
161c, and a summing amplifier 161d which calculates the
sum total of outputs of the multipliers 161c.

A sampling value stored in each section of the shift register
161a and a tap coefficient stored in each register of the reg-
ister group 1615 are multiplied by each multiplier 161¢ and
the sum total of outputs of the multipliers 161c is calculated
by the summing amplifier 1614. The sum total is interpolation
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data e(t) equal to the sampling data sampled at proper sam-
pling timing and the interpolation data e(t) is output as the
sampling data whose phase is adjusted.

Then, a generation procedure of a header detection gate
which controls the operation timing of the above-described
interpolating phase-difference correcting system 150 is
described below.

FIG. 17 is a timing chart which shows a generation proce-
dure of a header detection gate. When a predetermined
addressing mark included in an address area is detected by the
address detector 114 shown in FIG. 7, an address pulse signal
162 is generated. A read gate 163 becomes an assert state so
that read of an MO signal is started from a buffer area on the
basis of the point of time of rise of the address pulse signal 162
and a header detection trigger 164 rises in the buffer area.
Then, a header detection gate 165 becomes an assert state by
delaying by a header length from rise of the header detection
trigger 164, and operations of the above interpolating phase-
difference correcting system 150 are executed. As a result, the
sampling data (reproduction signal) in which the user data in
the data area is sampled is corrected to the data (signal)
sampled at optimum timing from the head of the data and
output from the interpolating phase-difference correcting
system 150.

As described above, a function to correct the reproducing
timing of'a reproduction signal and improve the signal quality
is built in the data reproducer 100 shown in FIG. 7. Moreover,
a function to accurately detect crosstalk and improve the
signal quality is also built in the data reproducer 100. This
function is described below.

To detect crosstalk, a front-track synchronous detector
166, rear-track synchronous detector 167, and crosstalk value
detector 168 are built in the data reproducer 100. The front-
track synchronous detector 166 and rear-track synchronous
detector 167 respectively have a structure completely the
same as that of the synchronous detector 157 (refer to FIG.
12) included in the above phase-difference detector 153. The
front-track synchronous detector 166 calculates the cross cor-
relation value between a header pattern corresponding to a
track one before the track to be reproduced and sampling data
and the rear-track synchronous detector 167 calculates the
cross correlation value between a header pattern correspond-
ing to a track one after the track to be reproduced and sam-
pling data. Moreover, the crosstalk value detector 168 obtains
acrosstalk ratio and crosstalk direction (before or after a track
which becomes an occurrence cause) in accordance with each
maximum value of cross correlation values output from the
synchronous detector 157 (refer to FIG. 12), front-track syn-
chronous detector 166, and rear-track synchronous detector
167.

The above header pattern generator 151 generates not only
a header pattern for the synchronous detector 157 (refer to
FIG. 12) included in the phase-difference detector 153 but
also header patterns for the front-track synchronous detector
166 and rear-track synchronous detector 167.

FIG. 18 is an illustration which shows a configuration of
the header pattern generator 151 again.

As described by referring to FIG. 9, the header pattern
generator 151 is provided with the M-sequence-string gen-
erator 155 and channel characteristic converter 156. More
minutely, as shown in FIG. 18, the generator 151 is provided
with three M-sequence generators 155_1,...,and 155_3,and
three channel characteristic converters 156_1, ..., and156_3.
Moreover, not only the header pattern of a track having a track
number “n” to be reproduced but also header patterns of track
numbers “n-1"" and “n+1” before and after the header pattern
of the track having the track number “n” are generated.
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Three types of header patterns thus generated are input to
the above synchronous detector 157 (refer to FIG. 12), front-
track synchronous detector 166 (refer to FIG. 7), and rear-
track synchronous detector 167 (refer to FIG. 7), respectively
and cross correlation values are calculated. Moreover,
crosstalk is detected by the crosstalk value detector 168
shown in FIG. 7.

FIG. 19 is a block diagram of the crosstalk value detector
168.

The crosstalk value detector 168 is provided with two
threshold-value determiners 169 and 170, two dividers 171
and 172, and one comparison controller 173. A threshold
value is set to two threshold-value determiners 169 and 170
from firm and a maximum cross correlation value to header
patterns of adjacent tracks is compared with the threshold
value by each of the threshold-value determiners 169 and 170.
When the maximum cross correlation value exceeds the
threshold value, it is determined that crosstalk is present, the
maximum cross correlation value is sent to the dividers 171
and 172, and divided by a maximum cross correlation value to
the header pattern of a track to be reproduced. Thereby,
crosstalk is obtained from tracks adjacent to a track to be
reproduced. Moreover, those crosstalks are compared by the
comparison controller 173 and it is obtained that what degree
of crosstalk has occurred in which track.

FIGS. 20 to 22 are illustrations which show detection
examples of crosstalk.

The position of a beam spot 20 is shown at the highest stage
(A) of each figure and the graph of a cross correlation value by
the head pattern of a “front”-side track 10_1, the graph of a
cross correlation value by the head pattern of a track 10_2 to
be reproduced, and the graph of a cross correlation value by
the head pattern of a “rear” side track 10-13 are shown at the
second stage (B), third stage (C), and the lowest stage (D),
respectively.

As shown at the highest stage (A) of FIG. 20, when the
position of the beam spot 20 is deviated to the “front™ track
10_1 side from the center of the track 10_2 to be reproduced,
itis clearly known that a large peak occurs in the graph shown
at the third stage (C) and a slightly small peak occurs in the
graph shown at the second stage (B), and crosstalk due to the
“front” side track 10_1 occurs.

Moreover, as shown at the highest stage (A) in FIG. 21,
when the position of the beam spot 20 is present at the center
of the track 10_2 to be reproduced, it is found that a peak
occurs only in the graph shown at the third stage (C), no peak
occurs in the graphs shown at the second stage (B) and the
lowest stage (D), and no crosstalk occurs.

Furthermore, as shown at the highest stage (A) in FIG. 22,
when the position of the beam spot 20 is deviated to the “rear”
track 10_3 side from the center of the track 10_2 to be repro-
duced, it is clearly known that a large peak occurs in the graph
shown at the third stage (C), a slightly small peak occurs in the
graph shown at the lowest stage (D), and crosstalk due to the
“rear” side track 10_3 occurs.

Thus, it is possible to accurately detect crosstalk in accor-
dance with the crosstalk detection which uses a cross corre-
lation value.

In the case of the reproducer 100 shown in FIG. 7, when
crosstalk is detected, a servo driver 103 of the optical pickup
102 is controlled by the optical disk control section 109 in
order to reduce the crosstalk and the following are performed:
adjustment of a reproducing position of the optical pickup
102 to a track to be reproduced (off-track adjustment), adjust-
ment of an angle for the optical pickup 102 to face the optical
disk 101 (tilt adjustment), write power adjustment, read



US 7,554,897 B2

15

power adjustment, and adjustment of the distance between
the optical pickup 102 and the optical disk 101 (focus offset
adjustment).

In the case of this embodiment, these adjustments are
executed in accordance with the crosstalk detected as
described below. Firstly, rough adjustment is executed in
accordance with the crosstalk detected at the time of a record-
ing/reproducing test executed in a test area before recording/
reproducing of data in or from the optical disk 101. Secondly,
fine adjustment is sequentially executed in accordance with
the crosstalk detected when actually reproducing data.
Thirdly, individual adjustment is executed in accordance with
the crosstalk detected when failing in recording/reproducing
of data. However, only first adjustment is applied to write
power adjustment in order to avoid occurrence of crosswrite.

Among the above various types of adjustments, the off-
track adjustment corrects a shift of the beam spot 20 shown in
FIGS. 20 and 22 and a beam spot is moved in the direction
opposite to the crosstalk direction.

Then, the tilt adjustment is described.

FIG. 23 is a conceptual diagram to describe the tilt adjust-
ment.

As shown in FIG. 23, when the optical disk 101 tilts from
a lens 102a of an optical pickup, a beam spot is deformed.
Therefore, reduction of crosstalk becomes insufficient by
only the above off-track adjustment. Therefore, an actuator
which adjusts the tilt of the lens 102¢ is built in this embodi-
ment and the lens 102a is tilted in the direction for crosstalk
to decrease by the actuator.

Then, among the above various types of adjustments, the
write power adjustment, read power adjustment, and focus
offset adjustment are described below.

When write power or read power is too strong or a focus
position is shifted, a beam spot size becomes a size larger than
a preferable size and crosstalk occurs.

FIG. 24 is an illustration which shows a fourth detection
example of crosstalk.

Also inthe case of FIG. 24, the position of the beam spot 20
is shown at the highest stage (A) and graphs of correlation
functions by head patterns of tracks 10_1,10_2,and 10_3 are
shown at the other stages (B), (C), and (D).

As shown in FIG. 24, when the size of the beam spot 20
increases, the beam spot 20 hangs on the both tracks 10_1 and
10_3 adjacent to the track 10_2 to be reproduced. As a result,
as shown at the second stage (B) and lowest stage (D), it is
clearly known that a slightly small peak occurs in each cor-
relation value and crosstalk occurs from the tracks 10_1 and
10_3 adjacent at the both sides.

Thus, when crosstalks in the both directions occur, the
crosstalks are decreased by the power adjustment (lowering)
or focus offset adjustment.

FIG. 25 is a conceptual diagram of the focus offset adjust-
ment.

As shown by the part (A) of FIG. 25, when the distance of
the lens 102a from the optical disk 101 is insufficient (too
close in this case), the size of the beam spot 20 is increased
due to out of focus as shown by the part (B) and the above
crosstalk is detected. The position of the lens 102a is adjusted
so that the crosstalk is decreased and the lens 102a moves to
a proper distance as shown by the part (C). In this case, the
beam spot 20 becomes a sufficiently small size as shown by
the part (D).

Thus, description of the first embodiment of the present
invention is completed and then, another embodiment of the
present invention is described below. A function which
improves the quality of areproduction signal by detecting and
decreasing crosstalk is built in the above first embodiment. A
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function which corrects offset of a signal intensity of a repro-
duction signal and a gain defect of the reproduction signal and
improves the quality of the reproduction signal is builtin each
embodiment described below. Because each embodiment
described below is the same as the above first embodiment
except the above point, only the function which corrects the
offset of a signal intensity or gain defect of a reproduction
signal is described below.

FIG. 26 is an illustration which shows a configuration
section to take charge of the correction function of the offset
of a signal intensity built in the second embodiment.

Among the configuration sections shown in FIG. 26, a
section provided with the same symbol as a symbol in FIG. 7
is the same as the configuration section described by referring
to FIG. 7.

To correct the offset of a signal intensity, a DC offset
detector 174, voltage converter 175, and offset adjusting
amplifier 176 are built in the configuration section.

In this case, a DC offset to be corrected is first described.

FIGS. 27 and 28 are illustrations to describe a DC offset, in
which FIG. 27 shows an ideal state free from a DC offset and
FIG. 28 shows a state in which a DC offset occurs.

The axis of abscissa of each of these drawings shows signal
intensity of a reproduction signal and the axis of ordinate
shows an occurrence frequency of the signal intensity.

A reproduction signal is a ternary signal and peaks 177,
178, and 179 of frequencies centering around each value are
generated in the graph of FIG. 27. The A/D converter 106 has
arange of 0 to 128 and it is an ideal state that three values of
the reproduction signal are converted into “32”, “64”, and
“96”. Three peaks 180, 181, and 182 also appear in FIG. 28
like the ideal state shown in FIG. 27. However, positions of
these peaks are shifted from ideal positions. These shifts are
DC offsets. These DC offsets influence demodulation in the
demodulator 108 shown in FIG. 7 and a trouble of signal
processing such a case that proper demodulation becomes
difficult occurs.

In the case of the DC offset detector 174 shown in FI1G. 26,
the value of the DC offset is calculated in accordance with
sampling data which reproduces a header pattern and phase-
difference information obtained by the phase-difference
detector 153, converted into a voltage value by the voltage
converter 175, and fed back to a reproduction signal (MO
signal) by the offset adjusting amplifier 176, and the offset is
adjusted.

FIG. 29 is an illustration which shows the principle of
offset value detection in the DC offset detector 174.

Sampling data 183 is shown in FIG. 29. In the DC offset
detector 174, only a section 184 corresponding to the inter-
mediate value “0” among three values of “1”, “0”, and “~1” is
extracted in accordance with phase-difference information
and the sum total of signal levels is calculated. This corre-
sponds to obtaining of the central position of the central peak
181 shown in FIG. 28 and an offset value is obtained by
comparing the central position with a reference level (“64” in
this case) which shows an ideal central position.

FIG. 30 is a block diagram of the DC offset detector 174.

The DC offset detector 174 is constituted of a shift register
174a which stores sampling data and shifts the data one clock
by one clock, a switch group 1745 which extracts a portion
corresponding to the intermediate value “0” of the sampling
data, a register group 174c¢ in which a header pattern is stored,
a summing amplifier 1744 which calculates the sum total of
the data selected by switches of the switch group 1745, a data
latching circuit 174e which latches the data output from the
summing amplifier 174d with optimum header position infor-
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mation according to phase-difference information, and an
offset value calculator 174f'which calculates an offset value
from the latched data.

Only sampling value corresponding to the value “0” of a
header pattern stored in each register of the register group
174c is extracted from sampling values stored in each section
of the shift register 174a and sent to the summing amplifier
174d, and the sum total is calculated by the summing ampli-
fier 174d.

FIG. 31 is an illustration which shows the sum total calcu-
lated by the summing amplifier 1744.

The axis of abscissa in FIG. 31 shows sampling timings and
a graph of the sum total is shown at the lower stage of FIG. 31.
Moreover, a cross correlation value obtained by the synchro-
nous detector shown in FIGS. 12 and 13 is shown at the upper
stage. The data latching circuit 174e shown in FIG. 30 latches
the sum total of the graph at the lower stage at a peak position
P of the graph at the upper stage.

The offset value calculator 174f calculates a DC offset
value by dividing the latched sum total by the number of data
values selected by the switch group 1745 and comparing a
division result with a reference level set by firm.

In the case of the second embodiment, the DC offset value
thus calculated is fed back and corrected as shown in FIG. 26.
Therefore, there is no DC offset in the data to be sent to a
demodulator and accurate demodulation is performed.

A conformation can be present in which another DC offset
detector is used instead of the DC offset detector described
above.

FIG. 32 is an illustration which shows the principle of
offset value detection in another DC offset detector.

FIG. 32 also shows the sampling data 183 similarly to the
case of FIG. 29.

The DC offset detector 174 of the above second embodi-
ment extracts a portion corresponding to the intermediate
value “0” among three values of “1”, “0”, and “~1”" from the
sampling data 183 and detects an offset value. However,
another DC offset detector described below detects an offset
value by extracting a portion 185 corresponding to the maxi-
mum value “1” and a portion 186 corresponding to the mini-
mum value “-1” among three values “1”, “0”, and “~1” and
calculating their intermediate value. This means that central
positions of right and left peaks 180 and 182 shown in FIG. 28
are obtained and an offset value is obtained by comparing the
intermediate value of these positions with a reference level
(“64” in this case) which shows an ideal intermediate value.

FIG. 33 is a block diagram of another DC offset detector.

The DC offset detector 187 is constituted of a maximum-
value-and-minimum-value summing amplifier 188 which
calculates the sum total of the portion 185 corresponding to
the maximum value “1” shown in FIG. 32 and the sum total of
the portion 186 corresponding to the minimum value “-17,
minimum-value average computing unit 189 which obtains
the average value of the “minimum values” by dividing the
sum total of the “minimum values” calculated by the maxi-
mum-value-and-minimum-value summing amplifier 188 by
the total number of “minimum values”, maximum-value
average computing unit 190 which similarly obtains the aver-
age value of “maximum values”, subtracter 191 which sub-
tracts the average of minimum values from the average of
maximum values, divider 192 which divides a result by the
subtracter 191 by a value “2”, subtracter 193 which subtracts
a result by the divider 192 from the average of maximum
values and obtains the intermediate value between the aver-
age value of “minimum values” and the average value of
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“maximum values”, and comparator 194 which compares the
intermediate value with a reference level supplied from firm
and obtains an offset value.

Though detailed description of the maximum-value-and-
minimum-value summing amplifier 188 is omitted, the
amplifier 188 is constituted of a circuit group similarly to a
circuit group constituted of the shift register 174a, switch
group 1745, register group 174¢, summing amplifier 1744,
and data latching circuit 174e, in which a selection object by
the switch group 1745 is different.

Also by using the DC offset detector 187, it is possible to
obtain a DC offset value.

However, in the case of the conformation shown in FI1G. 26,
the DC offset value detected by the DC offset detector 174 is
fed back to an analog signal before the A/D converter 106.
When including this feedback configuration, the time
required for signal processing increases. Therefore, it is pref-
erable to correct a DC offset through feed forward according
to digital processing. Third embodiment which corrects a DC
offset through the feed forward according to digital process-
ing as described above is described below.

FIG. 34 is an illustration which shows a configuration
section to take charge of correction of a DC offset in the third
embodiment.

A component provided with having the same symbol as
other drawing in the component section is the same as the
component section described by referring to other drawing.

The third embodiment is provided with an offset coeffi-
cient adjustor 195 and adder 196 in addition to the above DC
offset detector 174 in order to correct an offset of signal
intensity. In the case of the third embodiment, a DC offset
value obtained by the DC offset detector 174 is converted into
a coefficient value in digital data by the offset coefficient
adjustor 195 and the coefficient value by an adder 196 is
added to digital data whose phase is already corrected by the
interpolating phase-difference correcting system 150.
Thereby, a DC offset is corrected through the feed forward
according to digital processing and processing speed is
improved.

Then, fourth embodiment in which a function to correct a
gain defect of a reproduction signal is built in is described.

FIG. 35 is an illustration which shows a configuration
section to take charge of correction of a gain defect in the
fourth embodiment.

The fourth embodiment is provided with a gain tap adjustor
197 to correct again defect. The gain tap adjustor 197 detects
a gain of a reproduction signal by comparing the maximum
value of cross correlation values obtained by phase-differ-
ence detecting section 153 of the interpolating phase-difter-
ence correcting system 150 with a target cross correlation
value set by firm. Moreover, to correct the gain so that the
maximum value of cross correlation values coincides with the
target cross correlation value, the adjustor 197 adjusts the tap
coefficient of the digital waveform equalizer 107.

FIG. 36 is a block diagram of the gain tap adjustor 197.

The gain tap adjustor 197 is constituted of a gain calculator
197a and a predetermined number of multipliers 1975. The
gain calculator 197a compares the maximum value of cross
correlation values with a target correlation value and calcu-
lates a gain correction value to make the maximum value of
cross correlation values coincide with the target correlation
value. Moreover, the gain correction value is multiplied to
default tap coefficients c,, ¢,, and ¢, of the digital waveform
equalizer 107 and new tap coefficients c;', c,', and c,' are
obtained. When these new tap coefficients ¢, ¢,', and c,' are
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used by the digital waveform equalizer 107, the gain of a
reproduction signal is corrected and accurate demodulation
by a demodulator is assured.

Finally, a modification of the fourth embodiment is
described. In the case of the conformation shown in FIG. 35,
the tap coefficient of the digital waveform equalizer 107 is
adjusted. Because the structure of the digital waveform equal-
izer 107 is the same as that of the FIR filter 161 shown in FIG.
16, it is also possible to adjust gain by the FIR filter 161.

FIG. 37 is an illustration which shows a modification of the
fourth embodiment.

In the case of this modification, a tap coefficient adjustor
198 same as the gain tap adjustor 197 shown in FIG. 36 is set
between the tap coefficient selector 160 and the FIR filter 161
shown in FIG. 15 and the tap coefficient adjustor 198 corrects
the tap coefficient of the FIR filter 161 selected by the tap
coefficient selector 160 so that the maximum value of cross
correlation values coincides with a target correlation value
and sends the corrected tap coefficient to the FIR filter 161.
Also in the case of this configuration, it is possible to correct
the gain of a reproduction signal to an ideal gain and improve
a signal quality.

The invention claimed is:

1. A data reproducer which reproduces data from a record-
ing medium which has a plurality of parallel linear tracks and
in which data is recorded along the tracks, wherein:

the recording medium has a first area along the tracks in
which user data is recorded and a second area which
precedes the first area along the tracks and in which
pattern data used for correction of reproducing timing of
the user data is recorded, and the pattern data adjacent to
each other being mutually different between tracks adja-
cent to each other, and

the data reproducer comprises:

a head which faces the recording medium, and medium,
reproduces the data recorded in the recording medium;

aheader pattern generator for generating a pattern data for
each of the tracks;

a first pattern comparing section which compares a pattern
data for a track reproduced by the head with the pattern
data for a track generated by the header pattern genera-
tor;

a timing correcting section which corrects reproducing
timing in accordance with a comparison result by the
first pattern comparing section;

a second pattern comparing section which compares the
pattern data for the track reproduced by the head with
other pattern data for an other track adjacent to the track
generated by the header pattern generator; and

a crosstalk detecting section which detects crosstalk in
accordance with comparison results by the first pattern
comparing section and the second pattern comparing
section.

2. The data reproducer according to claim 1, wherein the
pattern data is pattern data whose auto correlation value
shows a peak only at a coincidence point and in which a cross
correlation value with other pattern is smaller than the auto
correlation value.

3. The data reproducer according to claim 1, wherein the
pattern data is a maximum length shift-register-sequence (M
sequence).

4. The data reproducer according to claim 1, further com-
prising:

atracking adjusting section which adjusts the reproducing
position of the head to the track to be reproduced in
accordance with the crosstalk detected by the crosstalk
detecting section.
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5. The data reproducer according to claim 4, wherein the
recording medium has a test area used for a test of recording/
reproducing of data, and

the tracking adjusting section performs the adjustment in

accordance with the crosstalk detected at the time of a
test in the test area.

6. The data reproducer according to claim 4, wherein the
tracking adjusting section performs the adjustment when fail-
ing in recording/reproducing of data and retrying recording/
reproducing.

7. The data reproducer according to claim 4, wherein the
tracking adjusting section sequentially performs the adjust-
ment in accordance with the crosstalk detected when data is
reproduced.

8. The data reproducer according to claim 1, further com-
prising an angle adjusting section which adjusts an angle for
the head to face the recording medium in accordance with the
crosstalk detected by the crosstalk detecting section.

9. The data reproducer according to claim 8, wherein the
recording medium has a test area used for a test of recording/
reproducing of data, and

the angle adjusting section performs the adjustment in

accordance with the crosstalk detected at the time of a
test in the test area.

10. The data reproducer according to claim 8, wherein the
angle adjusting section performs the adjustment when failing
in recording/reproducing of data and retrying recording/re-
producing.

11. The data reproducer according to claim 8, wherein the
angle adjusting section sequentially performs the adjustment
in accordance with the crosstalk detected when data is repro-
duced.

12. The data reproducer according to claim 1, further com-
prising a reproducing-power adjusting section which adjusts
reproducing-power in the head in accordance with the
crosstalk detected by the crosstalk detecting section.

13. The data reproducer according to claim 12, wherein the
recording medium has a test area used for a test of recording/
reproducing of data, and

the reproducing-power adjusting section performs the

adjustment in accordance with the crosstalk detected at
the time of a test in the test area.

14. The data reproducer according to claim 12, wherein the
reproducing-power adjusting section performs the adjust-
ment when failing in recording/reproducing of data and retry-
ing recording/reproducing.

15. The data reproducer according to claim 12, wherein the
reproducing-power adjusting section sequentially performs
the adjustment in accordance with the crosstalk detected
when data is reproduced.

16. The data reproducer according to claim 1, further com-
prising a distance adjusting section which adjusts a distance
for the head to face the recording medium.

17. The data reproducer according to claim 16, wherein the
recording medium has a test area used for a test of recording/
reproducing of data, and

the distance adjusting section performs the adjustment in

accordance with the crosstalk detected at the time of a
test in the test area.

18. The data reproducer according to claim 16, wherein the
distance adjusting section performs the adjustment when fail-
ing in recording/reproducing of data and retrying recording/
reproducing.

19. The data reproducer according to claim 16, wherein the
distance adjusting section sequentially performs the adjust-
ment in accordance with the crosstalk detected when data is
reproduced.
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20. The data reproducer according to claim 1, wherein the
head records data in the recording medium, and

the data reproducer further comprises a recording-power

adjusting section is provided which adjusts recording
power in the head in accordance with the crosstalk
detected by the crosstalk detecting section.

21. The data reproducer according to claim 20, wherein the
recording medium has a test area used for a test of recording/
reproducing of data, and

the recording-power adjusting section performs the adjust-

ment in accordance with the crosstalk detected at the
time of a test in the test area.

22. The data reproducer according to claim 1, wherein the
first pattern comparing section and the second pattern com-
paring section respectively obtain a cross correlation value as
a result of comparing pattern data with a reproduction signal.

23. The data reproducer according to claim 1, wherein the
first pattern comparing section and the second pattern com-
paring section respectively convert pattern data so that the

22

sum total of data levels becomes 0 when comparing the pat-
tern data with a reproduction signal and compare the con-
verted pattern data with the reproduction signal to obtain a
cross correlation value.

24. The data reproducer according to claim 23, wherein the
crosstalk detecting section detects crosstalk in accordance
with a relative ratio between maximum values of cross cor-
relation values obtained by the first pattern comparing section
and the second pattern comparing section.

25. The data reproducer according to claim 23, wherein the
crosstalk detecting section determines that crosstalk is
present when a cross correlation value obtained by the second
pattern comparing section exceeds a predetermined threshold
value.

26. The data reproducer according to claim 25, wherein the
predetermined threshold value is set to the crosstalk detecting
section and the section determines presence or absence of
crosstalk by using the set threshold value.

#* #* #* #* #*



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 7,554,897 B2 Page 1 of 1
APPLICATION NO. : 11/280558

DATED : June 30, 2009

INVENTOR(S) : Kanaoka

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims:

Col. 19, line 35, delete “medium™ (second occurrence).

Signed and Sealed this
Seventh Day of April, 2015

Decbatle X Loa

Michelle K. Lee
Director of the United States Patent and Trademark Office



